Extensive Cu-and Zn-soil geochemical data in the Albernoa/Entradas-S. Domingos region (NE border of the Iberian Pyrite Belt, South Portuguese Zone) were examined to separate anomalies from background using the concentration-area fractal model. Distribution patterns of Cu and Zn concentrations in soil are primarily influenced by bedrock. The regional threshold values of Cu-and Zn-soil contents over metasedimentary sequences are 20-25 and 20-60 ppm, respectively, becoming 30-50 and 20-90 ppm, respectively, when metavolcanic rocks are present. The first-order threshold values for Cu are 80-90 ppm in soils over metasediments and 70-80 ppm in soils over sequences bearing metavolcanics. For Zn, the first-order threshold values are 40-80 and 90-100 ppm in soils over metasediments and metavolcanic rocks, respectively. Metasediments and metavolcanics comprising significant sulphide disseminations are outlined by Cu-and Zn-soil values above 100 and 300 ppm in soil, respectively. On the basis of these results, Alvares and Albernoa/Entradas areas emerge as the first priority targets for exploration. The observed non-coincidence of Cu-and Zn-soil anomalies in soil in the area could reflect difference in element dispersion during weathering, they mostly indicate distinct metal sources related to the original composition of different rock types or to chemical changes developed during Variscan deformation/re-crystallization path. The established regional baseline data can be used as reference for environmental studies.
INTRODUCTION
The chemical composition of natural materials (such as rocks, soils, stream-sediments, waters and vegetation) can indicate geological domains that may host ore minerals. This fact is the basis for the success of different methodological approaches upon which the modern foundations of exploration geochemistry rely, mostly consolidated throughout the period (e.g. Hawkes and Webb 1962; Beus and Grigorian 1975; Tukey 1977; Rollinson 1993; Singer and Kouda 2001; de Caritat et al. 2005; Moon et al. 2006; Carranza 2009 ). Several factors contributed to this, namely: (i) the understanding that many ore-forming systems are enclosed in alteration haloes characterised by anomalous contents of various elements, distinct element associations or isotopic fingerprints; (ii) the recognition that certain elements can be used as reliable pathfinders, considering their behaviour during weathering processes; (iii) the awareness of the potential influence of geomorphic features on geochemical surveys, implying the selection of the most effective set of field techniques and interpretative procedures; (iv) the improvement of sampling techniques and devices; (v) the development of accurate, rapid and relatively low-cost analytical methods to measure element contents; and (vi) the progress of computer-aided statistical techniques for adequate processing and evaluation of data, inevitably including those concerning with multivariate and spatial data analysis. Despite these factors that led to the establishment of exploration geochemistry, many controversial issues persist and several key-questions remain open, particularly those related to the distribution patterns of element concentration, the real meaning of outliers and censored element concentrations, and the estimation of geochemical threshold element concentrations (e.g. Reimann and Filzmoser 2000; Filzmoser et al. 2005; Reimann et al. 2005; Grü nfeld 2005; Carranza 2011 ). The implications resulting from these issues are numerous, exceeding the context of mineral exploration and encouraging the development of better techniques to interpret geochemical datasets, to recognise and define anomalies. The present paper addresses these issues by examining an extensive Cu-and Zn-soil geochemical database obtained in the 1950s by the Serviço de Fomento Mineiro (SFM) in the Albernoa/ Entradas-S. Domingos region (NE border of the Iberian Pyrite Belt (IPB) and southern limb of the Pulo do Lobo Antiform). Implications to mineral exploration are discussed for the Cu-and Zn-soil and threshold estimation using the concentration-area fractal model (Cheng et al. 1994 (Cheng et al. , 2000 . This model has been applied successfully in several contexts, including the southern border of the Iberian Terrane ) and more recently to the Spanish sector of the IPB (e.g. Gumiel et al. 2010; Arias et al. 2011) , as well as in the application of multifractal analysis of geochemical anomalies as a tool for prospectivity (Arias et al. 2012) . The usefulness of the methodological approach to extract regional baseline information on the basis of old (sometimes fragmented) soil geochemistry datasets is also examined.
GEOLOGICAL BACKGROUND
The Albernoa/Entradas-S. Domingos region extends along the NE border of the South Portuguese Zone (SPZ) and its contact with the Pulo do Lobo Terrane (PLT) (Fig. 1) . The SPZ, the southernmost palaeo-geographic unit of Iberian Variscides, represents a meridional segment of the Eastern Avalonia continental margin (Matte and Ribeiro 1975; Ribeiro 1981; Oliveira et al. 1979; Quesada 1992; Ribeiro et al. 2007 ). This unit is separated from the Iberian Terrane (of Gondwanan affinity) by a Variscan suture zone decorated with a dismembered ophiolite sequence (the Beja-Acebuches Ophiolite Complex), slivers of high-pressure tectono-metamorphic units (included in a retro-wedge belt), and the Pulo do Lobo accretionary terrane (e.g. Munhá et al. 1989; Ribeiro et al. 1990 Ribeiro et al. , 2010 Fonseca and Ribeiro 1993; Quesada et al. 1994; Fonseca et al. 1999; Oliveira et al. 2006; Jesus et al. 2007) . Consequently, along the NE border of SPZ, Variscan deformation is particularly intense and penetrative, developing various structures as a response to differential mechanical behaviour of rocks subjected to a long-lived anisotropic stress field largely controlled by the progression of oblique continental collisional processes. The ultimate result consists in a S-verging thin-skinned fold/thrust belt involving considerable tectonic transport that caused local disturbances of the original stratigraphic relationships and internal facies arrangements (Schermerhorn 1971; Ribeiro and Silva 1983; Silva et al. 1990; Quesada 1998; Oné zime et al. 2002; Pereira et al. 2008) , in which synorogenic metamorphic re-crystallization took place under low-grade conditions (e.g. Munhá 1983a Munhá , b, 1990 Abad et al. 2001) . Polymetallic sulphides in large massive bodies to local disseminations in the IPB were affected by metamorphism and deformation followed by tectonic stacking, which resulted in syn-to late-orogenic ore remobilization at all relevant scales (Quesada 1998; Relvas 2000; Mckee 2001; Relvas et al. 2006a; Marignac et al. 2003; Tornos 2006; Castroviejo et al. 2011) .
In the Albernoa/Entradas-S. Domingos region, the southern limb of the large antiform that preserves PLT is well exposed, consisting of three formations that form the Chança Group . From bottom to top: (i) the Atalaia Fm. comprising phyllites and quartzites; (ii) the Gafo Fm. consisting of a flysch-like succession dated of lower Frasnian, occasionally inter-bedded with, and intruded by, felsic and mafic igneous rocks and (iii) the Represa Fm., composed of siliceous meta-siltstones, shales, meta-greywackes and minor intercalations of fine volcanogenic metasediments, which are confined to upper Strunian (Late Famennian). The stratigraphic succession of the IPB includes, from bottom to top (Van den Boorgard 1963; Silva 1989; Oliveira 1990; Oliveira et al. 2005 Oliveira et al. , 2006 Rosa et al. 2006 Rosa et al. , 2009 Pereira et al. 2007 Pereira et al. , 2008 : (i) the Phyllite-Quartzite Group (PQG), Upper Devonian in age, made of phyllites, quartzites, meta-quartzwackes, shales and in its upper portion, includes lenses and nodules of meta-limestone; and (ii) the Volcano-Sedimentary Complex (VSC), diachronic from Upper Famennian to upper Visean times and comprising products of several volcanic episodes (submarine and dominantly rhyolitic-dacitic in composition) inter-fingered with metasediments of clastic (various types of shales, occasionally complemented by meta-siltstones and meta-quartzwackes) and chemical (mostly jaspers) nature. The S. Domingos and Chança massive sulphide deposits, as well as other exhalative ore-showings so far recognised in the region, are hosted in VSC units (Carvalho 1979; Matos and Martins 2006; . The VSC build-up is followed by the Mértola Fm. (meta-greywackes with interbedded slates), a basal component of the Baixo Alentejo Flysh Group (BAFG) that represents a synorogenic and continuous southward-progressed turbidite sequence.
In this region, the soils (mostly leptosols) are supported by an ill-developed regolith. Under a Mediterranean climate, influenced by the Atlantic Ocean, these soils are quite vulnerable to erosion and desiccation, therefore, putting severe restrictions to intense arable farming. Additionally, the strong seasonal character of run-off, the landscape characteristics and the native vegetation covering impede that significant soil-flushing.
SAMPLING AND GEOCHEMICAL DATASET
The geochemical soil surveys were carried out in four areas, comprising 13,009 sampling sites (Fig. 2) . In the first area, Albernoa/Entradas, soils above PQG and Mé rtola Fm. (at the SW corner) were sampled on a 1009100 m grid. In the second area, Serra Branca, soils derived from the Gafo Fm., PQG and VSC were sampled; the initial 2009200 m grid sampling was further close-spaced to 1009100 m on top of the PQG and VSC stacked slices. In the third area, Alvares, soils were systematically sampled on a 1009100 m grid over two tectonic alignments of VSC and PQG separated by metasediments of the Mé rtola Fm. In the forth area, S. Domingos (where important mine operations took place between 1854 and 1966), variably spaced sampling profiles were completed, encircling the old mining facilities and avoiding various piles of wastes/ residues (Mateus et al. 2011) . To the N, the profiles sampled were mostly soils derived from the Gafo Fm.; samples of soils over Atalaia Fm. We are confined to several northern segments of some N-S profiles. To the E, S and W, the profiles allowed sampling of soils derived mainly from the Represa Fm., PQG and VSC.
In all sampling sites, soil was collected between ca. 20 and 40 cm depth. Subsequent sample processing and chemical analyses of soil fractions less than 80 mesh were carried in the SFM laboratories. The analytical determination of Cu and Zn concentrations involved colorimetric methods after biquinoline extraction, and the detection limits indicated in SFM internal reports are 5 ppm for Cu and 10 ppm for Zn (Queiroz et al. 1989; Santos Oliveira 1997) . The analytical precision, checked by using duplicates, is less than 10% for Cu and 15% for Zn.
DATA ANALYSIS
The ranges of Cu and Zn concentrations and their distributions, as well as the presence of multiple populations and outliers, were examined by means of descriptive statistics (Tukey 1977; Hampel et al. 1986; Barnett and Lewis 1994; Hoaglin et al. 2000; Reimann and Filzmoser 2000) . Deviations from normality or log-normality were also investigated for each element distribution, graphically represented in cumulative probability (CP) plots (Sinclair 1974; Reimann et al. 2005) .
The multifractal character of Cu-and Zn-soil contents in the Albernoa/Entradas-S. Domingos region was inspected by computing the respective multifractal spectrum according to the method of moments (Halsey et al. 1986 ) corrected for edge effects (Gonçalves 2001) . This requires the measurement of the analysed element, l(e), performed in a set of boxes of size e that divide the sampled area. In the method of moments, the function v q ðeÞ is defined as
in which the following relation v q ðeÞ $ e sðqÞ ;
verifies if the measure l i e ð Þ is exactly self-similar, for any order q, where s(q) is the mass exponent of order q. Since the generalized mass exponent is 
In order to cope with some irregularities of the borders of the sampling areas, Eq. (1) can be corrected to
in which the weight of the ith cell is given by w i ¼ s i =a i , where s i is the cell area within the sample boundaries and a i is the total cell area (Agterberg et al. 1996; Gonçalves 2001) . The threshold was estimated using the C-A fractal model (Cheng et al. 1994 ). This model is fully derived under the assumption that the distribution of the analysed elements follows a fractal distribution. Therefore, areas, A(q), enclosing concentration values q less or equal to a pre-defined threshold m, follow a powerlaw relation
Aðq mÞ / q
and similarly, areas with concentration values q greater than a pre-defined threshold m, can be described by following relation
where a 1 and a 2 represent characteristic exponents. The log-log plot of both relations allows the estimation of the threshold m by the least square fitting of both models to the experimental points and find the concentration q = m, which satisfies both equations. Finally, the spatial variability and anisotropy of each distribution were investigated through variogram modelling. Geochemical maps were produced after interpolation with ordinary kriging. After threshold estimation, the anomaly maps were produced by considering contour values above the estimated regional threshold. These anomaly maps were also compared with pixel plots that grouped the data into three classes of values: (1) from the minimum value to the one immediately below the regional threshold estimated for each element; (2) from the regional threshold to the value immediately below the first-order threshold estimated for each element; and (3) above the first-order threshold value.
RESULTS
Statistical measures for Cu-and Zn-soil content distributions in the four surveyed areas at the Albernoa/Entradas-S. Domingos region are summarised in Table 1 , complemented by the frequency and box-whisker plots in Figures 3 and 4 . Minimum values reflect the detection limits of the analytical method used to determine Cu and Zn concentrations. The ranges of Cu-and Zn-soil contents in all areas are relatively high; this is evident for Cu in Serra Branca and S. Domingos (where maximum values reach 2,000 and 15,000 ppm, respectively) and for Zn in Alvares and S. Domingos (where the highest grades attain 1,600 and 3,000 ppm, respectively).
Cu-soil distributions are asymmetric and display positive skewness values around 1.7 and 4 in Albernoa/Entradas and Alvares, respectively. For the remaining two areas (Serra Branca and S. Domingos) the skew are high, 34 and 39, respectively. Zn-soil distributions are polymodal in all areas with special prominence in Alvares and S. Domingos. In all cases, kurtosis values are positive and co-vary directly with skewness values. In each element distribution, differences between the third quartile and maximum values are significant.
Exploratory data analysis shows that the coefficient of variation (CV) remains in the interval 0.5-1, except for Cu-soil distributions in Serra Branca and S. Domingos (where it yields 2.3 and 7.6, respectively) and for Zn-soil distributions in S. Domingos (where the CV is 1.8). These remarkably higher CV values reflect the relative importance of outliers in each dataset, clearly illustrated in the frequency and box-whisker plots (Figs. 3, 4) . In fact, outliers displayed in the Cu distributions are clustered near 100 ppm and are complemented by minor arrays close to 150 ppm in Alvares and S. Domingos. For the Zn distributions, the outliers range from 100 to 150 ppm in Serra Branca, close to 150 ppm in Albernoa/Entradas and vary between 150 and 200 ppm in S. Domingos. In the distributions assessed, other subsets of data form far (and relatively dispersed) outliers whose upper limits are poorly constrained; their statistical representativeness is not completely guaranteed and other means of analysis are needed to really evaluate their geological meaning (this is particularly evident for the areas of Alvares and S. Domingos).
The CP plots (Fig. 5) show that deviations from the normal distribution are strong for all the Cu distributions and for the Zn distribution in Serra Branca; the influence of the detection limit is also evident. Comprehensive inspection of CP plots reveals that significant breaks (indicative of multiple populations) occur in distributions of Cu concentration values similar to those detected through the analysis of box-whisker plots. Deviations from normality of Zn distributions are minor in comparison with Cu except for the Serra Branca data where more breaks and apparent discontinuities in the Zn-CP plot suggest the existence of some problems with the Zn dataset (possibly due to sampling processing and uncertainties related to the analytical procedure used). Nevertheless, excluding some points of the distribution upper tails, the observed slope changes (sometimes subtle) in the Zn-CP plots took place at concentration values comparable with those pointed out by box-whisker plots; the identification of threshold values remains imprecise.
The multifractal character of Cu-and Zn-soil distributions in the four areas surveyed in the Albernoa/Entradas-S. Domingos region was modelled according to conditions reported in Table 2 . Given the variable sampling grid used in S. Domingos (constrained by the old mining facilities and the spatial distribution of various piles of mine wastes/residues), it was necessary to split the data into three (geographically coherent) subgroups labelled (a), (b) and (c), as indicated in Figure 2 . Cu datasets display a-f(a) spectra consistent with a multifractal behaviour (Fig. 6 ), despite some (minor) deviations in the case of S. Domingos (b) that should mostly reflect an artificial dispersion along the first branch of the a-f(a) curve due to a reduced number of sampled values for the a-range considered in modelling. Conversely, Zn datasets show variable behaviour (Fig. 7) : (i) the multifractal modelling could not be computed for S. Domingos (c); (ii) the multifractal character was not verified for Albernoa/Entradas and (iii) some reservations exist regarding the interpretation of a-f(a) spectra for Alvares and the remaining subareas of S. Domingos as multifractal. Notwithstanding these difficulties, it has been found that, even with distributions for which the multifractal character cannot be determined, the C-A model gives results that are consistent with geological observations (Gonçalves et al. 2001) and thus can apparently be used to calculate threshold values for Zn in all areas under study.
The regional and first-order local threshold values estimated for Cu and Zn distributions in soils from Albernoa/Entradas-S. Domingos region are reported in Table 3 . Regional threshold values for Cu are 20, 38, 28, 25, 50 and 49 ppm considering the datasets of Albernoa/Entradas, Serra Branca, Alvares and S. Domingos (a), (b) and (c), respectively. For Zn, and following the very same order, the regional threshold values are 20, 19, 48, 57, 90 and 29 ppm (Fig. 8) . A first-order local threshold value can also be calculated (Fig. 8) , delimiting anomalous Cu contents above 82, 84, 69, 50, 97 and 96 ppm in Albernoa/Entradas, Serra Branca, Alvares, and S. Domingos (a), (b) and (c), respectively, and Zn contents over 40, 50, 99, 798, 329 and 88 ppm in each of those (sub)areas.
Experimental directional variograms were computed to assess the anisotropy ratio and orientation. All datasets follow reasonably the exponential model (Fig. 9) with the exception of Cu distribution for Alvares, which fits better to the spherical model; the parameters listed in Table 3 conserve at satisfactory levels the fitting of experimental points of semi-variograms running along different directions. For all data distributions, optimizes adjustments were obtained for directions varying from NE-SW (occasionally N-S) to WNW-ESE, settling the variogram anisotropy at 2.3 for Cu distribution in Albernoa/Entradas and at 2 for all the remaining cases, with a long-axis orientation of 335°i n azimuth. These spatial adjustments are strongly consistent with the spatial arrangement displayed by all the lithostratigraphic units cropping out in the Albernoa/Entradas-S. Domingos region and the orientation of the prevailing thrust fault zones (Fig. 1) , suggesting that Cu-and Zn-soil anomaly orientations are related to proximal sources.
Geochemical anomaly maps were produced by ordinary kriging and the contour maps (Figs. 9, 11 ) display only the values above the regional thresholds estimated for Cu and Zn. Their interpretation was completed after validation of the main Cu and Zn anomalies in the course of several field surveys, considering the geological information available for the Albernoa/Entradas-S. Domingos region, as discussed below.
DISCUSSION Threshold Estimation and Multifractal Character of Cu and Zn Distributions
The methodologies followed in data processing demonstrate that the advantages of reconciling multifractal and geostatistical analysis estimate the threshold values and assess the spatial variability of each dataset by means of variogram modelling. Indeed, the regional and first-order local threshold values estimated for Cu and Zn distributions in soils from Albernoa/Entradas-S. Domingos region (Table 3) show strong compatibility with those derived from statistical exploratory data analysis. Therefore: (i) the upper limits of background contents should coincide with regional threshold values, ranging from 20 to 50 ppm for Cu and from 20 to (Luz 2011 ) and assessment of other soil geochemistry datasets collected in the Alfarrobeira-Chança region (Luz 2011) . Nonetheless, further refinements on the meaning of these are provided by the lithological nature of the bedrock as discussed below. The multifractal character was also confirmed for both elements, regardless of the high asymmetry displayed by some multifractal spectra reflecting the dataset truncation due to the detection limit (Gonçalves 2001). Different reasons, individually or acting together, may explain the variable behaviour of Zn, namely: (i) the lack of the self-similar property sustaining the continuity of Zn concentration values in different scales of space; (ii) the local break of that property or high levels of uncertainty in assuring the continuity of Zn-soil contents (at least for some areas); (iii) ambiguities introduced by sampling (particularly relevant in S. Domingos); (iv) degradation of the spatial coverage due to the exclusion from modelling of sampling sites with Zn contents below the analytical detection limit (significant in Albernoa/Entradas); and (v) the smaller set of sampled values for the a-range considered in modelling (as in Alvares).
Cu-and Zn-Soil Anomalies
Since leptosols with a shallow profile depth are the dominant soils within the region surveyed and are not subjected to significant wash out, the soil samples are representative of the underlying bedrock. Therefore, the Cu-and Zn-soil anomalies put in evidence by a re-assessment of data resulting from SFM surveys should reflect proximal sources, rooted in the underlying geological formations (mostly composed of metasedimentary sequences that, in VSC, come along with abundant metavolcanic rocks). If so, threshold values (regional and first order) obtained for each area must be comparable with whole-rock geochemical data available for those lithologies. Unfortunately, the lack of an extensive (and statistically representative) wholerock geochemical database for different domains of IPB, clearly discriminating rock types according to their textural and mineralogical features, put severe restrictions to this interpretative exercise, but data reported by Tornos and Spiro (1999) could be used as a first reference.
Element concentration values indicated by Tornos and Spiro (1999) abundant metavolcanic rocks. Direct observations (field work) show also that metasediments and metavolcanics (both from VSC) comprising significant amounts of disseminated sulphides are outlined by Cu-and Zn-soil contents at ca. 100 ppm and above 300 ppm, respectively. It appears thus that all the Cu and Zn concentration intervals indicated by regional and first-order threshold values are consistent with the average contents reported by Tornos and Spiros (1999) , being also comparable with the Table 3 ) for Cu in soils of the Albernoa/ Entradas-S. Domingos region. Lithological contacts (thin grey lines in background) and tectonic structures are displayed for reference to the geological map in Figure 1 . median values of Cu (69 ppm) and Zn (30 ppm) concentration data obtained for 28 samples of metavolcanic rocks collected along the Serra Branca-S. Domingos belt (Castelo Branco and Rosa 1998; Mora 1999) . The pixel plots and contour maps obtained for the Albernoa/Entradas-S. Domingos region show that the magnitude and configuration of Cu-and Zn-soil anomalies are invariably influenced by local lithological and structural configurations. Cu anomalies (Figs. 10, 11 ) in the Albernoa/Entradas area develop a relatively continuous NW-SE band over the south-westernmost array of phyllites (-quartzites) ascribed to PQG, near the thrust contact with the Mé rtola Fm. Discrete Cu-soil anomalies along this contact are also observed, complemented by minor (and somewhat dispersed) anomalies apparently confined to rock domains affected by late Variscan N-S to NE-SW strike-slip faults. At Alvares, the Cu-soil anomalies outline quite well the volcanic components of VSC and their thrust contacts with Mé rtola Fm. At S. Domingos (b), the Cu-soil anomalies are restrained to a relatively narrow segment of the tectonic imbrication that involves metasediments of the Represa Fm., PQG and VSC, further affected by arrays of NE-SW strikeslip faults. Intersection of thrusts and NE-SW trending fault zones are often decorated by hydrothermal precipitates (occasionally including disseminated sulphides) whose weathering help to Table 3 ) for Cu in Alvares area. The pixel plot grouped the data into three classes of values (in ppm): (1) from the minimum value to the one immediately below the regional threshold; (2) from the regional threshold to the value immediately below the first-order threshold and (3) above the first-order threshold value. Lithological contacts (thin grey lines in background) and tectonic structures are displayed for reference to the geological map in Figure 1 .
understand the distribution of these anomalies. However, given the proximity of the S. Domingos old mining works (large waste tailings located near the flooded open pit and along the São Domingos stream valley), the anthropic influence cannot be completely discarded. Conversely, no significant Cu-soil anomalies exist at Serra Branca and S. Domingos (a), regardless of negligible and quite dispersed local ÔindicationsÕ.
Zn-soil anomalies (Figs. 12, 13) in the Albernoa/Entradas area are widespread over the southwesternmost PQG metasedimentary sequence and not enough discriminative. At Alvares, the dispersed small Zn anomalies rarely coincide with those of Cu, being clear that their preferred relation to soils derived from the Mé rtola Fm. and, to a lesser extent, PQG; yet, it is not clear if there is any particular structural feature that can explain some of the delimited (and most anisotropic) anomalies. At Serra Branca, stronger Zn-soil anomalies overlap volcanic alignments of VCS, but are also evident in metasedimentary domains belonging to the Gafo Fm., Represa Fm. and PQG; in the latter cases, the anomalies and their moderate to strong anisotropy (mostly in WNW-ESE direction, locally rotating to NW-SE or W-E) suggest that sources responsible for Zn-soil dispersion should be structurally controlled in most instances; note again the WNW-ESE trending thrust zones and the late strike-slip faulting. At S. Domingos (a) and (b), the behaviour of Zn is indistinguishable from the one aforementioned for Cu, and the anomalies delimited in the former subarea should have an identical explanation.
The implications for mineral exploration resulting from the re-assessment of the Cu-and Znsoil geochemical datasets obtained in the 1950s by SFM for the Albernoa/Entradas-S. Domingos region justify a thorough geochemical follow-up in the Alvares and Albernoa/Entradas areas. On the basis of the results, Serra Branca can be envisaged as a second-order priority. Another feature that emerges from the present work with impact on mineral exploration surveys is the common separation of Zn-soil anomalies from those of Cu in the four areas. In some cases, this separation could reflect the difference of element dispersion during weathering or an effect controlled by ore mineralogy (and its relative abundance). However, for most cases, the spatial discrepancy between Cu-and Zn-soil anomalies point to the existence of distinct metal sources; these can either be original composition of distinct rock types (including facies variations in similar lithologies) or products triggered by syn-to late-orogenic metal re-distribution by strong deformation and hydrothermal activity. Both alternatives are well documented in IPB, revealing that: (i) host rocks are the prevailing source of metals (Barriga and Fyfe 1988; Mathur et al. 1999; Carvalho et al. 1999; Relvas et al. 2001; Marcoux 1998; Tornos and Spiro 1999; Munhá et al. 2005; Tornos 2006; Jorge et al. 2007; Jorge 2010 ) and (ii) significant chemical reworking took place during Variscan deformation/ re-crystallization, leading to element solubilisation, transport and precipitation, sometimes influencing the tonnage and grades of minable ores (Quesada 1998; Figure 13 . Pixel plot and contouring anomaly map (considering only the concentration values above the threshold values listed in Table 3 ) for Zn in Albernoa area. Classes of values used in the pixel plot (in ppm) as in Figure 11 . Lithological contacts (thin grey lines in background) and tectonic structures are displayed for reference to the geological map in Figure 1 . Mckee 2001; Relvas et al. 2006a, b; Marignac et al. 2003; Tornos 2006; Castroviejo et al. 2011 ).
Local and Regional References to Environmental Studies
The concept of Ôgeochemical baselineÕ was officially introduced in 1993 (Global Geochemical Baselines, International Geological Correlation Program, IGCP Project 360) and refers to the variation of an element concentration in the superficial environment at a given time, therefore, measuring the natural background and (diffuse) anthropic contributions (Salminen and Tarvainen 1997; Salminen and Gregorauskiene 2000) . Geochemical multi-element baseline data are, therefore, needed to evaluate the present state of the surface environment, providing also guidelines and quality standards for environmental legislation and political decision-making, especially in the assessment of contaminated soils (Darnley et al. 1995; Salminen and Tarvainen 1997; Baize and Sterckeman 2001) . xxIn Portugal, the geochemical database is incomplete amongst different regions and geological backgrounds, since most of the data were collected for mineral exploration/prospecting purposes and do not meet the requirements internationally firmed for establishing national environmental baselines (Iná -cio et al. 2008) . Nevertheless, the geochemical datasets available can be used to build various local/ regional references, even tentatively or roughly. That seems to be the case of the SFM geochemical surveys carried out in areas with (very) low agriculture activity and characterised by ill-developed regolith, as in the Albernoa/Entradas-S. Domingos region. In these conditions, differences between topsoil and subsoil (usually at about 20-40 cm depth) should not be significantly different in the fraction less than 100 mesh. Comparing the regional threshold values estimated for the four areas in the Albernoa/Entradas-S. Domingos region with the topsoil Cu and Zn median contents reported in Galá n et al. (2008) for the IPB/SPZ in Spain (32 and 78.5 ppm, respectively), it is evident that good agreements exist between both results. In the Spanish side of SPZ, the highest median values of Cu (57.4 ppm) as found in topsoil derived from IPB felsic igneous rocks; again, this is compatible with conclusions drawn above concerning threshold variations in function of rock type prevalence.
CONCLUSIONS
The results obtained show that the methodology followed in soil geochemistry data processing is adequate to estimate threshold values and recognise anomalies which were further validated in the field. There are, as well, advantages of reconciling multifractals and geostatistical analysis to estimate the threshold values and assess the spatial variability of the dataset by means of variogram modelling, thus corroborating the methodology used, including the differentiation made on basis of the spatial anisotropy.
Distribution patterns of Cu-and Zn-soil concentrations in the Albernoa/Entradas-S. Domingos region (re-assessment of datasets obtained in 1950s) are primarily influenced by the geochemistry of the local bedrock. The upper limits of Cu and Zn background contents in soils (mostly) derived from metasedimentary sequences vary in the intervals of 20-25 and 20-60 ppm, respectively, increasing to 30-50 and 20-90 ppm when metavolcanic rocks are present. The first-order threshold values for Cu and Zn in soil, contents above which true anomalies can be recognised, are 80-90 and 40-80 ppm in metasediments, respectively; being of 70-80 and 90-100 ppm in the presence of abundant volcanicderive components. Metasediments and metavolcanics containing significant amounts of disseminated sulphides are outlined by Cu-and Zn-soil contents at ca. 100 ppm and above 300 ppm, respectively. On the basis of these results, Alvares and Albernoa/ Entradas areas emerge as the first priority targets, followed by Serra Branca.
In the Albernoa/Entradas-S. Domingos region, Cu-and Zn-soil anomalies are often separated. In some cases, this separation could reflect difference in element dispersion during weathering; for most cases, the spatial discrepancy documents the existence of distinct metal sources (related to original compositional differences or to chemical changes developed during Variscan deformation/re-crystallization path).
Notwithstanding the need to validate Ôold concentration valuesÕ (sometimes resulting from analytical measurements that are somewhat imprecise or representing a no longer existing reality due to anthropic activities) the regional geochemical soil data obtained for mineral exploration could be used (within specific limits of uncertainty) as reference for environmental studies.
